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鼠类胸腺瘤病毒( t-8 strain from AKR/J mouse, Akt8) 致癌基因的同源物，已被定
义为癌基因。Akt 在 PI3K(phosphatidylinositol 3 kinase)，PDK1 (3-phosphoinositi- 





连素对 Akt 介导的凋亡通路和增殖通路的影响。 
我们首先采用 MTT 法分别测定两种细胞系经不同浓度黄连素处理 24 h 和
50 μmol/L 黄连素处理不同时间后的细胞增殖存活率。结果表明，黄连素对
BGC823 和 SGC7901 细胞具有明显的存活抑制作用，它们的增殖存活率与黄连
素呈剂量-时间依赖关系。为了探讨黄连素是否具有诱导人胃癌细胞发生凋亡的
能力，又经 DAPI 染色后荧光显微镜观察和 Annexin V/PI 双染经流式细胞仪检
测相结合的方法，观察到黄连素可以有效诱导 BGC823 和 SGC7901 细胞发生凋
亡。同时，我们还用 western blot 检测了黄连素对凋亡蛋白 PARP 蛋白的表达影
响。结果发现 BGC823 细胞中 PARP 被剪切为 cleaved PARP，并且 cleaved PARP
的蛋白表达量随着黄连素浓度的增加而增强；SGC7901 细胞中虽然没有检测到
cleaved PARP，但是总 PARP 随着黄连素浓度的增加而减弱。另外，我们通过
PI 单染经流式细胞仪检测的方法，结果显示黄连素可以使 BGC823 和 SGC7901














cyclinB1，cdc2 蛋白表达量上调，进一步证明黄连素能诱导细胞阻滞于 G2/M 期。
进一步，为了阐明黄连素诱导人胃癌细胞凋亡的分子机制，我们采用 Western 
Blot 的方法结合蛋白激酶 B(Akt)及相关抗体，对经不同浓度黄连素处理 24 h 的
BGC823 和 SGC7901 细胞 Akt mRNA 全蛋白进行分析，结果表明黄连素抑制
Akt mRNA 的表达，Akt 的磷酸化蛋白水平的表达。另外，我们对经 EGF(20ng/ml)
以及转染持续活化 Akt(myr-Akt)质粒预处理细胞后进行全蛋白分析，发现黄连
素可通过抑制 Akt 活性导致了 p-mTOR，p-p70S6K，p-S6 以及 p-BAD 蛋白水
平的下降，细胞线粒体跨膜电位的改变。 后，建立裸鼠移植瘤模型，证实有
效剂量的黄连素可以在裸鼠体内抑制 BGC823 细胞的增殖生长，并同步观察到
肿瘤组织 p-Akt 表达水平的下降。        
综上所述，本论文的研究结果证实了黄连素具有抑制人胃癌细胞存活增殖
及诱导凋亡发生的能力，并且显示黄连素抑制 Akt/BAD-线粒体信号通路诱导人




















The incidence rate of gastric cancer is the highest in malignant tumors, 
regardless of gender. Although the incidence of stomach cancer in decline, but there 
are still about one million new cases each year. Berberine, a botanical alkaloid in the 
root and bark of several plants, the major active component of rhizoma coptidis, has 
been employed in traditional Chinese medicine to treat various infectious disorders 
for more than 3000 years. Recent years, a large number of studies showed that 
berberine possesses a promising anti-tumour activity. But the mechanism remains 
poorly understood. Akt (protein kinase B, Akt), a 60-kDa serine-theronine kinase 
functioning downstream of phosphatidylinositol 3-kinase (PI-3 kinase) in response 
to mitogen or growth factor stimulation. It could be activated by insulin, serum, 
insulin like growth factor-1 (IGF-1), platelet derived growth factor (PDGF), and 
epidermal growth factor (EGF) through a phophorylation mechanism and has 
various effects on protein substrates, including inhibiting or stimulating its activity, 
altering its subcellular localization, protecting it against degradation or regulating 
binding to protein partiners. In this study, human gastric carcinoma cell lines 
BGC823, SGC7901 and the model of human gastric carcinoma xenograft in nude 
mice were studied to investigate the effect of Berberine on gastric cancers and 
especially to find the effect of Beberine on Akt-mediated apoptosis pathway and 
proliferation pathway.  
 First of all, we determined the viabilities of the cell lines treated by different 
concentration of Berberine for 24 h and 50 μmol/L Berberine for different time 
periods. The results show that Berberine can significantly inhibit the viabilities of 
human gastric carcinoma cell lines BGC823 and SGC7901 in a dose-time dependent 
manner. We combined DAPI staining and Annexin-V/PI staining assays to 
investigate whether Berberine can induce human gastric carcinoma cells apoptosis. 














fluorescent microscopy and flow cytometry respectively with the expression of 
PARP protein down-regulated. We also found that Berberine induced BGC823 and 
SGC7901 cell cycle arrest in G2/M by PI staining with the protein cyclinB1 and 
cdc2 up-regulated. Furthermore, Berberine caused the inhibition of Akt signaling, 
resulting in decrease of p-mTOR, p-p70S6K, p-S6 and p-BAD expression level and 
change of mitochondrial membrane potential ( Δψm). Finally, we found that the 
effective dose of Berberine inhibited the proliferation of BGC823 and the expression 
of p-Akt in tumor tissues was inhibited.  
Conclusions: our studies confirm that Berberine can inhibit the viabilities and 
induce apoptosis, and clarify that berberine induced cell apoptosis by mitochondrial 
pathway related to Akt/BAD signaling and inhibited cell survival by blocking 
Akt/mTOR/S6 pathway in BGC823 and SGC7901 cells. This study may provide the 
molecular basis for berberine to act as an anticancer agent. 
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第 1 章 引言 
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71.06 万，仅次于心脑血管疾病的发生率，成为人类第二号杀手。我国 2008 年
恶性肿瘤发病率为 299.12/10 万(男性 330.16/10 万，女性 267.56/10 万)，死亡率








每三分钟就有 1 名中国人死于胃癌。根据中国 2005 年向世界卫生组织(WHO)
提供的数据显示，我国胃癌年龄标化发病率在男性为 37.1/10 万，女性中为










































+Cl-，分子量 371.8 道尔顿。 
 
图 1 黄连素的化学结构 






















瘤遗传易感性方面 NAT2 有重要作用。Lin JG [13]等利用高效液相色谱法发现经
黄连素作用的结肠腺癌细胞的N-乙酰化酶活性和 2-基笏(AF)-DNA 复合物形成
受到明显抑制，且呈浓度依赖性模式，剂量越大，抑制能力越强。同时，经黄
连素处理后 NAT 米氏常数(Km)和酶比活性(Vmax)也显著降低。 
1.1.2 黄连素影响肿瘤细胞增殖 
黄连素可有效抑制多种肿瘤细胞增殖，抑制效果呈时间和浓度依赖性，其
作用机制可能与黄连素诱导肿瘤细胞周期阻滞在 G1 期、S 期或者 G2/M 期阻
滞，抑制肿瘤细胞 DNA、蛋白质合成等有关。 
Lizuka 等研究表明[14]黄连素处理 YESI-YES6 食管癌细胞后，细胞周期分
析显示肿瘤细胞在 G0 /G1 期积聚，而在 S 期相对减少，从而抑制食管癌细胞
的增殖。娄丽金等[15]在人胃癌 MGC-803 细胞中检测到黄连素能够显著抑制




着细胞增殖的抑制、线粒体 ATP 水平的降低、细胞内 ATP 和 ADP 的浓度的降
低和 AMP 的浓度的升高，但没有发现黄连素对 ATP 酶的直接作用。LI 等[18]
研究证明黄连素能与 TOPI 结合，使 S 期细胞合成受阻，阻止细胞增殖，甚至
产生细胞毒作用。Lina 等[19]也认为，黄连素抑制人胰腺癌细胞的生长是通过抑
制 TOP 活性，进而诱导 DNA 双链断裂。 
1.1.3 黄连素诱导肿瘤细胞凋亡 
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